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1
ACTIVE METAL BED

BACKGROUND OF THE INVENTION

(a) Field of the Invention

The present invention relates to an active metal bed.

More particularly, the present invention relates to an
apparatus aiming at recovery, storage and supply of
hydrogen isotopes containing trittum gas, and o an
active metal bed characterized by a constitution of a
filter unit that makes it possible to flow a gas through an
active metal without bringing about a large flowing
resistance and a bypass flow while obtaining a high
absorption velocity of tritium by a wide contacting area
of gas, and characterized in that the tritium absorption
velocity and thermal characteristic have been improved
by enclosing a heat absorber aiming at an absorption
and conduction of heat together with the active metal
into the filter unit.

(b) Description of the Prior Art

Up to now, in order to recover a mixture of hydrogen
isotope gases containing tritium (hereinafter referred to
as “tritium” simply) from pure gas or a mixture with
other gasses, a so called “active metal bed” in which
plural stages of filter are placed in a sealed container
and an active metal such as uranium is put on each filter
stage has been used.

This will be explained as follows: In FIG. 1, 1 1s an
active metal; 2 is a filter; 3 is a sealed container; 4 is a
heater; and 5 is an outer receptacle.

Tritium is absorbed and released by the reversible
hydrogenation reaction of the active metal 1.

In the absorbing operation of pure hydrogen isotopes
(tritium), tritium is introduced by an introducing tube 6
and absorbed to the active metal 1 on the filter sheif (a),
(b), (c) in turn.

In case of intending to recover tritium from a gas
mixture, tritium is absorbed into the active metal 1
while the gas mixture is flowing from the introducing
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tube 6 to a discharging tubing 7, and unabsorbed com- 40

ponents are exhausted through the discharging tube 7.

This apparatus is used for the storage and supply of
tritium as 1t i1s, where tritium 1s stored as a metal hydride
and 1s reieased by heating the hydride.

In general, in an active metai bed, the active metal is
enclosed in a filter for preventing its scattering since it
is pulverized with the hydrogenation reaction. More-
over, the active metal cannot be filled up very high in
the vertical direction within the filter because it is in
danger of sintering by its weight. In order to secure the
necessary capacity of tritium absorption, it 1S necessary
that the active metal is filled up separately in plural
stages, as described above, and a space i1s provided in
the upper portion in each stages for absorbing the vol-
ume change of metal with the hydrogenation reaction.

Therefore, in the prior active metal bed, as shown in
(), (b) and (c) of FIG. 1, the active metal is placed on
a shelf of plural stages of the filter 2. This structure is
low in efficiency at the time of tritium absorption be-
cause the filter and metal powder having a large resis-
tance to movement of gas and active metal powder are
disposed in series along the gas flowing path from the
introducing tube 6 to the discharging tube 7. That is,
tritium entering from the introducing tube 6 is at first
absorbed only on the under surface of shelf (a), and (b)
and (c) do not act when (a) performs the absorption.
Therefore, in case of urgent recovering of tritium, and
other cases when recovery speed is essential, 1t 1s very
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inconvenient because only a portion of active metal
contributes to absorption, and the recovering velocity is
small. Moreover, after (a) is saturated with tritium, (b)
commences absorption, but at this time gas has to pass
through (a), which resists thereto. Further, after (a) and
(b) are saturated, they block the movement of gas to (c).

Specially, in case of absorbing pure hydrogen isotope
gas, this effect is so remarkable that, since the pressure
in the interior of the bed decreases as the recovery goes
forward and generally the conductance of filter and
active metal powder decreases with the reduction of
pressure, the movement of gas in low pressure is ex-
tremely obstructed and the absorption becomes slow.
The disadvantageous point of this structure is the same
also in case when gas flows through the bed. The pres-
sure drop from the introducing tube 6 to the discharging
tube 7 is so large that it is difficult to flow gas.

Moreover, the active metal bed as described above
has such a disadvantageous point that the temperature
of active metal rises due to the heat of hydrogenation
reaction. Since all active metals used for the bed have a
property such that the equilibrium pressure for hydro-
gen rises exponentially with the temperature, tritium
absorption becomes insufficient for the equilibrium
pressure increase when temperature rises. The genera-
tion of heat in the hydrogenation reaction is large and
rapid, while the heat capacity of active metal powder i1s
small and the heat conductivity is low since the powder
is filled up coarsely. Therefore, 1n such an active metal
bed, the generation of heat at the time of tritium absorp-
tion causes a rise in temperature of the active metal, and
the absorption stops at the moment when the tritium
partial pressure attains the equilibrium pressure at the
elevated temperature, and thereafter the absorption of
tritium proceeds at a low velocity as the active metal is
cooled spontaneously. |

On the other hand, in case of using the bed for supply-
ing tritium, the sealed container 3 is heated, but the
above described active metal bed has a structure such
that the heat conductivity to active metal is not good.
When heating the active metal, the heat from the heater
4 has to be conducted for a long distance from the outer
wall of the sealed container 3 to the center radially
through a sintered metal filter that is poor in heat con-
ductivity. Moreover, neither the heat conductivity of
the filter to active metal powder nor that between ac-
tive metals is good. Consequently, it takes a long time
before releasing of tritium, and it is feared that the ac-
tive metal is superheated for poor temperature control
so that the tritium pressure becomes excessive, Or sinter-
ing of active metal and disconnection of heater occur
due to local superheating.

The above defects are particularly remarkable in an
active metal bed in which the tritium absorption capac-
ity is large and in which, consequently, the amount of
active metal to be filled up must be large. In a bed filled
up with a large amount of active metal, the number of
filling-up layer must be increased, for the height of
filling-up cannot be increased. When arranging the lay-
ers In series, the resistance to absorption and flowing of
gas is further increased. Moreover, since among materi-
als constituting the bed, the rate of active metal in-
creases and the rate of construction material and filter
contributing to heat absorption and heat conductivity
decreases relatively, the problem of heat generation and
heat conductivity becomes more serious. In short, it is
very difficult to make an apparatus that has large capac-
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ity with the structure of such active metal bed which
has been hitherto used. |
Such bed which has been hitherto used has a disad-
vantageous point in the aspect of tritium permeability.
When tritium is released, the sealed container is heated >
to elevated temperatures, and at this time the amount of
tritium permeating cannot be neglected because about 1
atmosphere of tritium exists. This tritium is collected

into the outer receptable 5, and it has to be removed by 10

gas purge, vacuum pumping, etc. The operation is com-
plicated, and the loss of tritium is disadvantageous.

OBJECT OF THE INVENTION

An object of the present invention is to provide an s
active metal bed which is free from these faults and in

which tritium can be recovered upto lower pressure In
a short time, the pressure loss is reduced at the time of

gas flowing, the temperature control in heating for
releasing tritium is performed well, and tritium permea- 20
bility is little. Another object of the invention 1s to make

it possible to provide a specially large capacity of appa-
ratus. |

BRIEF DESCRIPTION OF THE DRAWING

25
FIG. 1is a figure showing an active metal bed used in
the prior art, in which
1 Active metal powder; d Outer reeeptaele; 30
2 Filter; 6 Introducing tube;
3 Sealed container; 7 Discharging tube;
4 Heater; |

(a), (b) and (c) show the order of each stage which 35
tritium is absorbed, respectively. |

FI1G. 2 1s a figure showing a horizontal-cylindrical
type of active metal bed as an embodiment of the pres-

ent invention, in which
40

11 Active metal 16 Outer receptacle;
Heater absorber; 17 Introducing tube;
12 Filter; 18  Discharging tube;
13 Equithermal block; 19 Gas discharging
14  Heater; | header; 45
15 Heat shield plate.

FIG. 3 1s a figure showing a section of filter unit in
the radial direction, in which

21 Active metal.Heat absorber;

22 Filter;

23 Equithermal block;

24 Metal tube:
and the equithermal block is a metal tube which is
opened only in the lowe half part; in (b), only the lower
half part is a filter and welded to the upper half part of
metal tube.

FIG. 4 1s a graph showing an actual operation exam-
ple of the active metal bed of the present invention, in
which the ordinate is hydrogen pressure and recovery
and the abscissa is time. The graph represents the
change of pressure per unit time when absorbing hydro-
gen from a certain volume of tank, as a recovering
characteristic of hydrogen by the bed.

FIG. 5 1s a figure showing a vertical-cylindrical type
- of active metal powder bed as another embodiment of
the present invention, in which
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4
31 Active metal 36 Outer receptacle;
Heater absorber; 37 Introducing tube;
32 Filter disc; 38 Discharging tube;
33 Metal case; 39 Gas discharging
34 Heater; header;
35

Heat shield plate.

DESCRIPTION OF THE PREFERRED
-EMBODIMENTS

As the result of having researched diligently for at-
taining the object, the present inventors have conceived
the optimum configuration of filter enclosing an active
metal therein and the disposition of heater and equither-
mal block, and further thought that the thermal charac-
teristic is improved by using a heat absorber such as
copper particle mixed with an active metal powder.

That is, it is intended to attempt to increase the ab-
sorption velocity of tritium by arranging a filter unit so
that an active metal has a gas contact area widely in the
horizontal dlrectlon, and particularly in case of using
plural units, arranging the gas flowing path in parallel,
while improving the temperature control characteristic
by restraining the rise of temperature in the hydrogena-
tion of active metal powder and, at the time of heating,
conducting heat from a heater wire to the active metal
rapidly.

The apparatus of active metal bed of the present
invention will be explained with reference to an em-
bodiment shown in FIG. 2 as follows:

An active metal powder 11 is enclosed together with

copper particles in a filter tube 12 placed horizontally so

as to provide a space in the upper part. The powder 11
can contact with gas in a wide area in the horizontal
direction through the filter 12 and can be heated by a
heater 14 through an equithermal block 13 of perforated
copper tube.

In the recovering operation, tritium, in case of being
pure gas, i1s introduced from an introducing tube 17 to
an outer receptacle 16 containing a heat shield plate 15
and 1s absorbed all together from the under surface of
each filter tube 12. In case of recovering trittum from a
gas mixture containing trittum, the gas is introduced
from the introducing tube 17, passed through an active
metal layer in each filter tube 12, collected in a gas
discharging header 19 through the space in the upper
part of each filter tube 12, and released through a dis-
charge tube 18.

As shown by the cross-section view in FIG. 3, in the
filter tube 12, a bypass flow which flows into the filter
tube 12 from the upper and side surfaces of the filter

~ tube 12 without passing through the active metal can be

prevented by using an ordinary metal tube for the upper
surface of each filter unit or by perforating only the
under surface of the equithermal block 13.

According to such configuration, a large amount of
active metal can be filled up in a small space, and, since
the height of filling up is not so high, the possibility of
the flow resistance of gas and the sintering by dead load
1s little. Moreover, a large recovering velocity of trit-
ium can be obtained for all active metals contact with
gas almost at the same time in a wide area.

A suitable heat absorber used in a mixture with active
metal 1s a particle of about 1 mm in diameter of a mate-
rial such as copper, which does not interreact with
hydrogen, which is good in heat conductivity, and
which has a large heat capacity. The particle controls



4,859,427

S

the rise of temperature by absorbing rapidly the heat
generated at the time of hydrogenation of active metal
powder and conducting the heat to the filter to act to
uniformalize the temperature of the whole of the active
metal. -

In the releasing operation of tritium, as shown in the
cross-section view in the radial direction in FIG. 2, the
active metal powder 11 is heated by applying an electric
current to the heater 14 wound on the outside of the
equithermal blocks 13 made up into a bundle. The heat
is conducted rapidly to the active metal powder 11
within each filter tube 12 through the equithermal
blocks 13 from the heater 14. The heat conduction In
active metals is improved by the mixed heat absorber.
 As the result, the possibility of overheating is extremely
reduced, since the whole of the active metal is rapidly
heated to a predetermined temperature.

Moreover, since the portion to be heated does not
directly contact with the outer receptacle 16, and since
the radiant heat is broken by the heat shield plate 15, the
temperature of the outer receptacle 16 does not rise so
high, and the permeability and loss of tritium are re-
strained. 'The water coolmg of the outer receptacle
which is used in the bed in the prior art is not always
required in the present invention.

EXAMPLE

FIG. 4 represents an absorption curve of hydrogen in
a bed having the structure as shown in FIG. 2.

999% of 20 1 of hydrogen was recovered in 60 seconds
and 99.9% was recovered in 3 minutes. One filter tube
was used, and 120 g of intermetallic compound ZrCo
powder mixed with 350 g of copper paticle in 42-60
meshes were used as an active metal.

In the present invention, various shapes of bed can be
obtained by making a unit having a filter surface wide 1n
the horizontal direction, although, in FIG. 2 and in the
Example, the filter tube is horizontally placed in the
horizontal cylindrical container. FIG. § exemplifies a
vertical cylindrical bed. In the fiiter unit of this figure,
the upper surface is made of metal plate and the lower
surface is a perforated disc. It is difficult in comparison
with the case of horizontal type to provide a heater.

In addition to the ZrCo used in the Example, any
- hydrogen occluding alloy including alloys of uranium,
rare earth metals and others in powder form can be used
as the active metal. As a heat absorber used in the mix-
ture thereof, which does not interreact with hydrogen
and has good thermal characteristic, in addition to cop-

6

per, aluminum and a nonmetal such as alumina are suit-
able. As to the shape, in addition particles, flakes, chips,

~ fibers, and etc. are suitable. A sintered metal is optimum
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for the filter. The material is required to have heat resis-
tance, chemical stability, and processability, in addition
to sinterability, and at present stailess steel 1s the best.
An equithermal block is desired to be used since stain-
less steel is not so good in heat conductivity, although it
is not always necessary. In a horizontal cylindrical filter
unit it is conceived to use a perforated conduit tube as a

material.

What is claimed is:

1. An active metal bed comprising:

(a) an outer receptacle;

(b) a plurality of filter tubes horizontally disposed in
said outer receptacle;

(c) an active hydrogenization metal powder disposed
in, but not filling, each one of said plurality of filter
tubes, so that a gas flow volume is present in each
one of said plurality of filter tubes above said active
metal powder;

(d) a plurality of equithermal blocks, each one of said
plurality of equithermal blocks:

(1) surrounding a corresponding one of said plural-
ity of filter tubes;

(i) being pervious to gas flow beneath the level of
the surface of said active metal powder and im-
pervious to gas flow above the level of the sur-
face of said active metal powder; and

(iii) being in thermal contact with others of said

| plurality of equithermal blocks;

(e) a heater in thermal contact with at least some of
said plurality of equithermal blocks;

(f) a gas discharge header in fluid communication
with the interior of each one of said plurahty of
filter tubes;

(2) an introducing tube leading from outside said
outer receptacle to a volume in said outer recepta-
cle outside said plurality of filter tubes; and

(h) a discharging tube leading from said gas discharge
header to the outside of said outer receptacle.

2. An active metal bed as recited in claim 1 and fur-
ther comprising a heat shield disposed between the
interior of said outer receptacle and said heater.

3. An active metal bed as recited in claim 1 wherein
each one of said plurality of equithermal blocks 1s in
surface abutting contact with the corresponding one of

said plurality of filter tubes.
* X ¥ %k K
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